ABSTRACT The purpose of Experiment 1 was to improve the digestibility of fat through the use of supplemental lipase enzymes. A 2 × 3 factorial arrangement of treatments involving two levels of animal-vegetable blend fat (AV) (4 and 8%) and three enzyme treatments, namely none; Pancreatic, 0.714%; and Pancreatin, 0.714%, were randomly allocated within a battery brooder. There was an increase in diet ME and apparent fat digestibility when Pancreatic and Pancreatin enzymes were used (P < 0.01). However, both enzymes caused lower feed intake and lower BW gain (P < 0.01). In Experiment 2, Pancreatic enzyme was used at graded levels of 0, 0.214, 0.429, 0.643, 0.857, and 1.071%, involving 4% dietary AV fat. The ME values were greater as the enzyme level increased (P < 0.01). However, as found in Experiment 1 lower feed intake and BW gain were observed with all enzyme levels compared with the control group. There was a linear effect on feed intake and BW
INTRODUCTION
Young poultry do not utilize and absorb fats effectively, especially animal fats. Sell et al. (1986) reported that fat retention improved with age in poults, regardless of fat source or fat level. Fat retention ranged from 66.4 to 83.7% and from 90.8 to 96.5% at 2 and 8 wk of age, respectively. Wiseman and Salvador (1991) observed a marked reduction in overall AME of fats that linearly decreased with increasing free fatty acids; the effect was more pronounced with younger birds. Leeson and Atteh (1995) concluded that turkey poults, similar to chicks, have an age-related depression in fat utilization that is undoubtedly related to use of the saturated fatty acids found To whom correspondence should be addressed: SLEESON@aps.uoguelph.ca 1561 gain (P < 0.01) and a quadratic effect on apparent fat digestibility (P < 0.05) and feed utilization (P < 0.01). Experiment 3 was designed to test the effect of Pancreatic enzyme at 0 or 1.339% in combination with two levels of detergent, namely 0 and 10% (with 4% added AV). The detergent used consisted of a mixture of 95% Span 60 and 5% Tween 60. In general, there was no significant effect of detergent (P > 0.05). Experiment 4 was conducted to test the effect of supplementation of graded levels of ground crude porcine pancreas at 0, 0.321, 0.535, 0.750, 0.964, 1.178, or 1.392% of the diet on performance of male broiler chicks to confirm the anorexic effect caused by supplementing with Pancreatic enzyme. In general, there was no significant effect of feeding crude porcine pancreas on the performance of male broiler chicks (P > 0.05). In these studies, lipase enzymes improved fat digestion, although it is suspected that associated reduced feed intake may be associated with contaminants such as cholecystokinin hormone. predominantly in animal fats. An additional problem with young birds is that they have a low level of natural lipase production. Krogdahl and Sell (1989) found that dietary tallow and animal-vegetable fat (AV) were not efficiently utilized until the time that lipase activity reached its maximum levels between 40 and 56 d of age. In addition, Noy and Sklan (1995) reported that net duodenal secretion of amylase, trypsin, and lipase were low at 4 d and increased 100-, 50-, and 20-fold, respectively, by 21 d of age in broiler chicks.
The age-related effect on utilization of fats is also correlated with less efficient recirculation of bile salts in very young chicks (Serafin and Nesheim, 1970) . Jackson et al. (1971) and Smallwood et al. (1970 Smallwood et al. ( , 1972 attributed the inefficient bile salt recycling to the chick's small bile salt pool. Consequently, there is a low rate of bile salt synthesis and inefficient enterohepatic circulation of bile salts. Several studies have shown that supplementing the diet with bile salts improves the utilization of dietary fat by Abbreviation Key: AV = animal-vegetable fat; CCK = cholecystokinin; HLB = hydrophilic lipophilic balance. chicks (Edwards, 1962; Eyssen et al., 1965; Garlich and Nesheim, 1965; Katongole and March, 1980; Polin and Hussein, 1982; and Atteh and Leeson, 1985) .
Unfortunately, synthetic bile salts are very expensive, and so an alternative is to identify cheaper emulsifying agents or detergents that have the ability to transform a hydrophobic surface into a hydrophilic one. Such surfactants, detergents, and emulsifiers are commonly used in many industrial processes and are available in large quantities at more reasonable prices than bile salts. For example, Webling and Holdsworth (1965) used lauryl sulphate as a detergent to improve calcium utilization in the diet of broilers. Jones et al. (1992) showed that addition of emulsifiers increased digestibility of tallow (P < 0.01). Furthermore, other researchers (Augur et al., 1947; Polin, 1980) reported that the addition of lecithin, an emulsifier, increased digestibility of fats containing long-chain, saturated fatty acids.
Experiments were conducted with the aim of improving digestibility of fat by young broilers through the use of supplemental lipase enzymes and detergents. Two lipase enzymes were chosen for study based on previous in vitro screening of those potentially available in commercial quantities (W. Al-Marzooqi and S. Leeson, unpublished data) . Detergent selection was based on the system of hydrophilic/lipophilic balance as developed by ICI (1992) .
MATERIALS AND METHODS

Experiment 1
Two hundred eighty-eight male broiler chicks of commercial strain were obtained from a local hatchery at 1 d of age. They were housed in electrically heated battery brooders, and 24 h of light were provided. Feed and water were provided for ad libitum consumption. The 2 × 3 factorial arrangement of treatments involved two levels of added blended AV (50% unsaturates at 4 or 8%), and three enzyme treatments: none, 0.714%, Pancreatic, and 0.714% Pancreatin (enzyme activity claimed to be 25 units USP/mg by manufacturer). There were six replicates for each of the six dietary treatments, and each replicate cage contained eight male broiler chicks. Treatment/replicate combinations were randomly allocated within the battery brooder. The control diet, containing only 4% AV (Table 1) , was used to feed all chicks from 1 to 3 d of age to allow enough time to reduce any variation of nutrient absorption from yolk residue among the chicks. From each replicate cage, six chicks of eight within the same range of BW were introduced to experimental diets on Day 4. Body weight was determined for each replicate on Days 4 and 12, and feed was recorded over this period. A total feed intake/excreta collection proce- dure was undertaken from 6 to 9 d of age to measure diet AME n and fat digestion. Feed and excreta were dried for 48 h at 40 C. All samples of feed and excreta were ground prior to assay for determination of moisture content by oven drying at 135 C for 2 h and 20 min, for crude fat by petroleum ether extraction using a Soxhlet apparatus, for nitrogen content by the AOAC (1997) method of combustion #9903 FP428 using the model FP428 nitrogen analyzer, 3 and for gross energy content by adiabatic bomb calorimetry. To estimate the proportion of fatty acids in the excreta that was present as soap, the method of fat determination reported by Atteh and Leeson (1984) was used. These samples were subjected to two stages of petroleum ether extraction. The first extraction (1) was to remove neutral fat and free fatty acids. Thimbles containing the residue of the first extraction were placed in 25% hydrochloric acid for about 2 h at room temperature to liberate fatty acids that were present as soap. The samples were then freeze-dried, and the process of ether extraction was repeated (2). Data collected were subjected to analysis of variance; where significant differences were observed, means were further subjected to Tukey's test (ANOVA, SAS Institute, 1991).
Experiment 2
Two hundred eighty-eight commercial strain male broiler chicks were obtained from a local hatchery at 1 d of age. They were housed in electrically heated battery brooders, and 24 h of light were provided. Feed and water were offered for ad libitum intake. Diet 1, as used in the previous experiment (Table 1) There were six replicates for each of six treatments, and each replicate cage contained eight male broiler chicks. The control diet devoid of enzyme was used to feed all chicks from 1 to 3 d of age to allow enough time to reduce any variation of nutrient absorption from yolk residue among the chicks. From each replicate cage, six chicks of eight, within the same range of BW, were introduced to experimental diets on Day 4. A total feed intake/excreta collection procedure was undertaken from 9 to 12 d of age. Body weight was determined at Days 4 and 12, and feed intake was measured over this time. Other measurement criteria were diet AME n and fat digestion undertaken when birds were 9 to 12 d of age. Excreta collection and analyses were as described for Experiment 1. The data collected was subjected to regression analysis using the PROC REG function of SAS (SAS Institute, 1991).
Experiment 3
Commercial strain male broiler chicks were obtained from a local hatchery at 1 d of age. They were housed in electrically heated battery brooders, and 24 h of light were provided. Diet 1, offered for ad libitum intake (Table 1) , was used for all birds. The experimental design was a 2 × 2 factorial involving the same Pancreatic enzyme as used in Experiment 2, at 0 or 1.339% of the diet, and two levels of detergent, namely, 0 and 0.4%. In this experiment, the activity of Pancreatic enzyme was 20 units USP/mg. Treatment/replicate combinations were randomly allocated to cages within a battery brooder. The detergent used was a mixture of 95% sorbitan monosterate [Span 60; hydrophilic lipophilic balance (HLB) 4.7] and 5% polyoxyethylene sorbitan monosterate (Tween 60; HLB 14.9) to give a HLB value of 5, which is that appropriate for an oil-in-water emulsion involving lard (ICI, 1992) . The detergent was premixed with the AV prior to diet incorporation. There were four replicates for each of the four treatments, and each replicate cage contained eight male broiler chicks. Other experimental details were as described in Experiment 1. Excreta samples were collected and ground prior to assay for moisture, crude fat, nitrogen, and gross energy content as described in Experiment 1. Data collected were subjected to analysis of variance, and, where significant differences were observed, means were further subjected to Tukey's test. Statistical analysis of all data was carried out by ANOVA (SAS Institute, 1991) .
Experiment 4
One hundred sixty-eight male broiler chicks of a commercial strain were obtained from a local hatchery at 1 d of age. They were housed in electrically heated battery brooders, and 24 h of light were provided. Feed and water were offered for ad libitum intake. Diet formulation was as Diet 1 (Table 1 ). The seven dietary treatments consisted of seven graded levels of ground dried crude porcine pancreas at 0, 0.321, 0.535, 0.750, 0.964, 1.178, and 1.392%. The porcine pancreases were collected from animals within 1 h of slaughter; separated from connective tissues and excessive fat layers; cut into small, thin pieces; and then freeze-dried to a constant weight over 3 d. There were three replicates for each of seven dietary treatments, and each replicate cage contained eight male broiler chicks. Other experimental details were as described in Experiment 1. Total feed intake and BW were determined for each replicate at 4 and 12 d of age. Data collected were subjected to ANOVA (SAS Institute, 1991).
RESULTS
Experiment 1
There was no significant difference in AME for diets containing 4 and 8% fat (Table 2) ; however, there was more soap excreta with the 8% fat diet (P < 0.01, Table  3 ). Increased AME n values were recorded for diets when both Pancreatic and Pancreatin enzymes were used (P < 0.01; Table 2 ). Although both enzymes caused reduced feed intake, BW gain, and fecal soap formation (P < 0.01), apparent fat digestibility was improved (P < 0.01; Table  2 ). Poor feed utilization was observed with birds fed diets supplemented with both enzymes compared with the control group (P < 0.01; Table 3 ). The enzyme × fat interactions were significant for BW gain and feed efficiency (P < 0.01; Table 3 ).
Experiment 2
Pancreatic enzyme level was linearly related to improvements in diet AME n (P < 0.01). Again, enzyme addition caused a linear reduction of feed intake, BW gain, and fecal soap formation. The inefficient utilization of feed, for Pancreatic enzyme treatment compared with the control group, was associated with lower feed intake and BW gain (Table 4) . A linear (P < 0.01) and a quadratic effect (P < 0.05) of dietary Pancreatic enzyme on apparent fat digestibility was observed (Table 4) .
Experiment 3
Detergent had no effect on diet AME feed intake, BW gain, feed efficiency, apparent fat digestibility or excreta soap formation. Adding enzyme to the diet improved Excreta fat as soap as proportion of total excreta fat. *P < 0.05. **P < 0.01. AME (P < 0.01; Table 5 ), increased apparent fat digestibility, and reduced excreta soap formation (P < 0.01; Table  5 ); however, this result was accompanied by reduced feed intake and BW gain (Table 5) . There was no significant interaction between enzyme and detergent for any of the parameters measured (P > 0.05).
Experiment 4
Crude porcine pancreas had no effect on performance of male broiler chicks (P > 0.05).
DISCUSSION
In Experiment 1, the 4 and 8% AV content diets were formulated to have the same energy content (Table 1) , and, therefore, no significant difference in ME value of the diet was expected. However, as the fat inclusion increased, there was greater fecal soap formation (Table 3) . These findings agree with the report of Atteh and Leeson (1984) , who showed that fat level and fat saturation influence the level of soap formation.
Many researchers have found that the ability of young poultry to utilize and absorb fats, especially animal fats, improves as the chick ages (Katongole and March 1980; Sell et al., 1986) . Others have attributed the poor digestibility of dietary fat to the limited secretion of lipase enzyme (Noy and Sklan, 1995) and bile salts (Serafin and Nesheim, 1970) . Supplemental enzymes did improve fat digestion and reduce the formation of fat present in the excreta as soap. It is shown in Tables 2 and 3 that the supplemental enzymes caused an increase in fat digestion, a consequence of which is attributed to increased diet AME n . These results are somewhat contrary to those of Polin et al. (1980) , who reported that supplemental lipase in the diet was not as effective as cholic acid in increasing tallow digestibility in chicks. Although both enzymes improved diet AME n and apparent fat digestibility, these effects were associated with reduced feed intake, BW gain, and less efficient feed utilization (Table 3) . Supplemental crude porcine pancreas did not result in improved fat utilization and had no anorexic effect on the chicks. Enzyme levels were not assayed in this extract, and it is possible that inclusion levels were insufficient to mimic lipase supplements used previously, or that handling and drying conditions were not conducive to optimum enzyme activity. The reduced feed intake and growth rate associated with feeding lipase enzyme might be related to contamination with cholecystokinin (CCK), which is a polypeptide hormone released into the duodenum and jejunum in response to the entrance of digesta. Dockray (1977 Dockray ( , 1979 reported that this hormone occurs in the brain and gut of birds, whereas Savory and Gentle (1980) showed that intravenous injection of CCK in two strains of domestic fowl resulted in a dose-related reduction in feed intake. Similar results were found in rats and rabbits (Gibbs et al., 1973; Houpt et al., 1978) . Antin et al. (1975) argued that the action of CCK reflects the satiety signal in rats. It is concluded that Pancreatic enzyme has a role to play in improving fat digestion in young chicks. However, the associated problem of reduced feed intake must be resolved. 
